Introduction: Microangiopathic hemolytic anemia (MAHA) is a mechanical hemolytic anemia characterized by the emergence of fragmented red cells in peripheral blood. Here, we report a case of breast cancer associated with cancer-related (CR)-MAHA along with a literature review.
Background
Thorombotic microangiopathy (TMA) describes a specific pathologic lesion in which abnormalities in the vessel wall of arterioles and capillaries lead to microvascular thrombosis. The initial evaluation of a patient with suspected TMA is very important, because many patients require directed therapy for the underlying disorder rather than specific therapy for TMA, and the directed therapies vary depending on the disorder (James and Carla 2014) . Microangiopathic hemolytic anemia (MAHA) is one of the major characteristic symptoms of TMA (James and Carla 2014) . MAHA is a descriptive term for non-immune hemolytic anemia characterized by the fragmentation of red blood cells due to microangiopathy caused by a variety of underlying diseases (James and Carla 2014) . Currently, no clear diagnostic criteria exist, but the emergence of fragmented red cells and schistocytes in peripheral blood marks MAHA. Characteristic laboratory data are a negative direct antiglobulin (Coombs) test, an increased lactate dehydrogenase (LDH) level, increased indirect bilirubin, and low haptoglobin.
MAHA can present with various systemic disorders including thrombotic thrombocytopenic purpura (TTP), hemolytic uremic syndrome (HUS), disseminated intravascular coagulation (DIC), systemic infections, and autoimmune disorders. Its occurrence in cases of widespread metastasis of malignant tumors [cancer-related MAHA (CR-MAHA)] has also been reported, albeit rarely (Pendse et al. 2014; Lechner and Obermeier 2012; Shin et al. 2011; Rauh et al. 2011; George 2011; Himmelmann and Schefer 2009; Ali et al. 2007; Arkenau et al. 2005; Yeh et al. 2002; Lockhart 2001; Fontana et al. 2001; Ataga and Graham 1999; Narita et al. 1997; Tsatsaris et al. 1996; Nordstrom and Strang 1993; Bastecky et al. 1992; Collins et al. 1991; Canellos and Mark 1984) . CR-MAHA has been reported in several types of carcinoma (Pendse et al. 2014; Lechner and Obermeier 2012; Shin et al. 2011; Rauh et al. 2011; George 2011; Himmelmann and Schefer 2009; Ali et al. 2007; Arkenau et al. 2005; Yeh et al. 2002; Lockhart 2001; Fontana et al. 2001; Ataga and Graham 1999; Narita et al. 1997; Tsatsaris et al. 1996; Nordstrom and Strang 1993; Bastecky et al. 1992; Collins et al. 1991; Canellos and Mark 1984) , but its pathophysiology remains largely unknown and there is no established management method. In general, its prognosis is said to be very poor, but many reports indicate that the patients respond to drug therapy (Lechner and Obermeier 2012; Lockhart 2001; Fontana et al. 2001; Narita et al. 1997; Nordstrom and Strang 1993; Collins et al. 1991) . Here, we report a case of metastatic breast cancer associated with MAHA, which rapidly progressed. Furthermore, we conducted a literature review on cases of breast cancer with MAHA and studied the pathology of CR-MAHA and its appropriate management.
Case description
The patient was a 54-year-old woman who made an emergency visit to our hospital because of low back pain, shoulder pain, visual impairment, and anemia. A soft mass in the right orbital adipose tissue, thickening of the entire circumference of the wall of the gastric corpus, left axillary adenopathy, multiple nodular shadows in the bilateral pleura, pleural effusion, ascites, and a swollen para-aortic lymph nodes were found on computed tomography (CT). Furthermore, bone scintigraphy showed uptake in multiple sites including the cranial bone, spine, and ribs.
At first, systemic metastasis and multiple bone metastases of an occult cancer was considered, and excisional biopsy of the axillary lymph node was performed for a definitive diagnosis. Based on the pathological findings, axillary lymph node metastasis of invasive lobular carcinoma (ER-positive, PgR-positive, and HER2-negative) was diagnosed. A mass was not palpable in the left breast, and no clear mass shadow was observed within the left breast on ultrasonography (US), but there were irregular low echoic lesions and structural distortions in the upper-lateral quadrant of the breast.
Core-needle biopsy yielded a diagnosis of invasive lobular carcinoma (stage IV) originating from primary left breast cancer was diagnosed. Levels of the tumor markers CEA and CA15-3 were elevated to 26.6 ng/ml and 90.8 U/ml, respectively. Chemotherapy (epirubicin 90 mg/m 2 + cyclophosphamide 600 mg/m 2 ) was initiated. The tumor marker levels normalized 6 months later, and the visceral metastases almost disappeared on imaging a year later.
After performing ten cycles of chemotherapy, the treatment was switched to hormone therapy with letrozole for maintenance. Rapid elevation of tumor marker levels (CEA 3.9-23.0, CA15-3 9.0-38.7), as manifested by severe anemia, was noted 14 months later, and fragmented red cells emerged in the peripheral blood (Fig. 1) . The Laboratory data were as follows, Red Blood Cell counts 1.51 × 10 6 /µl, Hemoglobin 5.4 g/dl, Platelet counts 8.0 × 10 4 µl, LDH 1137 IU/µl. The result of Coombs' test was negative, no coagulation system abnormalities were noted (D-dimer 1.7 µg/ml, FDP 3.7 μg/ml, Systemic examination with CT showed no evidence of visceral metastasis, and bone scintigraphy revealed slight inhomogeneous uptake in the spine, ribs, and pelvis (Fig. 2) ; however, there was no clear exacerbation compared to previous results. Positron emission tomography-CT showed slight FDG uptake mainly in the spine and pelvis, but visceral metastasis was not identified. Although two bone-marrow biopsies were performed, dry tap occurred; thus, tumor cells could not be confirmed. The patient had difficulty walking because of severe anemia and required blood transfusions twice a week. The characteristic fragmented red cells, hemolytic anemia, and thrombocytopenia were observed; moreover, the underlying breast cancer, the synchronicity of the elevation of tumor markers, and the patient's symptoms confirmed the diagnosis. Considering the circumstances mentioned above, we diagnosed the patient's clinical features as CR-MAHA associated with multiple bone metastases, and chemotherapy with paclitaxel (80 mg/m 2 weekly) was initiated.
As the therapeutic effect was difficult to detect by imaging, this was determined based on the clinical symptoms and changes in tumor marker levels. Therapeutic course and changes in tumor marker levels, red blood and platelet counts are shown in Figs. 3 and 4.
Paclitaxel (PTX) was effective, with the tumor marker levels decreasing, the fragmented red cells in the peripheral blood disappearing, the frequency of blood transfusion reducing, and anemia improving. However, 3 months later, tumor marker levels increased again, fragmented red cells emerged in the peripheral blood, and anemia was exacerbated. Chemotherapy was switched to Eribulin and a temporary decrease in tumor marker levels and improvement in anemia were observed, but 3 months later, tumor marker levels increased again, with exacerbation of anemia and an increase in fragmented red cells.
Another switch in treatment was planned, but deterioration of liver function and exacerbation of hepatosplenomegaly were observed along with an elevation in tumor marker levels (CEA 29.0-135, CA15-3 102 to >300). CT and US did not show a space-occupying legion suggestive of liver metastasis. Liver failure developed and chemotherapy was discontinued. Best supportive care was selected and the patient died a month later. The survival period after MAHA onset was 13 months, and the overall survival after diagnosis was 41 months. 
Discussion and evaluation
Primary TMA syndromes are specific disorders that require specific treatments. They include TTP, HUS, and drug-induced TMA. Although these disorders have been studied separately in the past, in recent decades, they have been combined as common TMA syndrome, which includes definitive clinical and pathological features, MAHA, thrombocytopenia, and organ injury (James and Carla 2014) . MAHA was first reported by Brain et al. (1962) as a form of hemolytic anemia marked by the emergence of fragmented red cells in peripheral blood (Brain et al. 1962) . CR-MAHA is distinguished from primary TMA in terms of its underlying disorders and treatment options. CR-MAHA has been reported in association with several types of carcinoma since the 1980s (Pendse et al. 2014; Lechner and Obermeier 2012; Shin et al. 2011; Rauh et al. 2011; George 2011; Himmelmann and Schefer 2009; Ali et al. 2007; Arkenau et al. 2005; Yeh et al. 2002; Lockhart 2001; Fontana et al. 2001; Ataga and Graham 1999; Narita et al. 1997; Tsatsaris et al. 1996; Nordstrom and Strang 1993; Bastecky et al. 1992; Collins et al. 1991; Canellos and Mark 1984) . Lechner,K et al. conducted a literature review of 168 reports of CR-MAHA; according to cancer type, gastric cancer was the most frequent, followed by breast, prostate, and lung cancers. Most cases were associated with a solid cancer, but malignant lymphoma was noted in some (Lechner and Obermeier 2012) . MAHA often occurred in cases with advanced cancer associated with widespread metastasis or recurrence, but was also rarely reported in cases without metastasis. Of the 168 cases reviewed, 36 were of breast cancer (Lechner and Obermeier 2012) . We reviewed 51 cases of CR-MAHA associated with breast cancer (including the previously reported 36 and our present case) (Table 1) (Pendse et al. 2014; Lechner and Obermeier 2012; George 2011; Himmelmann and Schefer 2009; Lockhart 2001; Fontana et al. 2001; Ataga and Graham 1999; Narita et al. 1997; Nordstrom and Strang 1993; Bastecky et al. 1992; Collins et al. 1991; Canellos and Mark 1984; Brain et al. 1962) . The histology of these cases was rarely reported, but invasive ductal carcinoma was the most common; there were two cases with invasive lobular carcinoma and one case with mucinous carcinoma. Thus, CR-MAHA onset does not seem to be linked to any specific histological type of breast cancer. Mucinous adenocarcinoma is considered the most common in other carcinomas. For these reason, in vitro studies have indicated a possibility of coagulation factor X activation by mucin, although the underlying mechanism remains unknown (Nordstrom and Strang 1993) .
The reported age of onset ranges from 19 to 82 years, suggesting that onset can occur at any age (Pendse et al. 2014; Lechner and Obermeier 2012; George 2011; Himmelmann and Schefer 2009; Lockhart 2001; Fontana et al. 2001; Ataga and Graham 1999; Narita et al. 1997; Nordstrom and Strang 1993; Bastecky et al. 1992; Collins et al. 1991; Canellos and Mark 1984; Brain et al. 1962) . CR-MAHA is rare, and detailed reports on its incidence according to cancer type are not available.
In our review, cancer cell infiltration into the bone marrow was observed in 36 of 51 cases (71 %). In the present case, although bone marrow biopsies resulted in dry taps, PET-CT findings suggested cancer cell infiltration into the bone marrow. This does not mean that MAHA develops more frequently in cases with bone marrow infiltration; the relationship between cancer cell infiltration into the bone marrow and MAHA remains unclear.
Very little is known about the pathophysiology of CR-MAHA; microvascular thrombi of carcinoma cells were found in multiple organs in many autopsy cases. The mechanism by which hemolysis progresses due to the mechanical fragmentation of red blood cells as blood flows through the vascular lumen narrowed by such tumor thrombi has been proposed (Lockhart 2001; Canellos and Mark 1984; Stephens 2011) . Accordingly, rationale for the use of antineoplastic agents is supported, as an effort to reduce tumor burden is considered most important in improving MAHA.
MAHA is reportedly associated with TTP and HUS, with very similar pathological states for both; however, CR-MAHA is believed to have a different pathogenic mechanism (Lechner and Obermeier 2012; Lockhart 2001; Nordstrom and Strang 1993; Canellos and Mark 1984) .
On the other hand, chemotherapy-induced MAHA has been reported as rare cases: Mitomycin C use has been implicated most frequently (George 2011; Bruntsch et al. 1984) , and gemcitabine use has been reported recently (Kok et al. 2014) . In cases of suspected chemotherapy involvement, some patients were reported to have recovered with symptomatic treatment such as discontinuation of the causative agent and blood transfusion (George 2011; Brain et al. 1962; Bruntsch et al. 1984) .
Drug-induced MAHA and CR-MAHA are considered pathophysiologically distinct conditions. Chemotherapy is the only effective treatment for CR-MAHA, whereas plasma exchange is almost ineffective, with most patients dying within 2 weeks (1-10 days) (Pendse et al. 2014; Lechner and Obermeier 2012; George 2011; Himmelmann and Schefer 2009; Lockhart 2001; Fontana et al. 2001; Ataga and Graham 1999; Narita et al. 1997; Nordstrom and Strang 1993; Bastecky et al. 1992; Collins et al. 1991; Canellos and Mark 1984; Kok et al. 2014 ). In the study by Lechner et al. that included other carcinomas, the median survival of patients receiving chemotherapy was 4 months and that of patients receiving either symptomatic treatment or no treatment was 0.5 months (Lechner and Obermeier 2012) . Response to chemotherapy was relatively favorable, and in some cases, survival for almost a year was achieved with the improvement of anemia (Lechner and Obermeier 2012; Lockhart 2001; Fontana et al. 2001; Nordstrom and Strang 1993) . However, the prognosis in these cases was poorer than that of similar cases not complicated by MAHA (Lechner and Obermeier 2012) .
The patient in the present case survived for 13 months after chemotherapy initiation. Therefore, following a CR-MAHA diagnosis, chemotherapy should be initiated as soon as possible, and the condition should be considered life threatening despite the lack of aggressive organ metastasis. In cases of breast cancer, hormone therapy is a treatment option, with some reports suggesting its efficacy (Narita et al. 1997) , but the selection of chemotherapy instead seems desirable, because if hormone therapy is not successful, a switch to a different regimen might not be possible considering the rapid progression of the condition. Chemotherapy may have been effective, but the patient ultimately died of liver failure. The patient's family refused an autopsy; thus, the cause of liver failure remains unclear. Microvascular tumor thrombi have been found in multiple organs in many autopsy cases involving MAHA, and resultant multiple organ failure was the cause of death in most cases. In the present case, the marked elevation in tumor marker levels and hepatomegaly and splenomegaly exacerbation were observed immediately before death, suggesting that liver failure was rapidly developing due to the tumor thrombi. This course is similar to that of the previously reported N Engl J Med case (1984) . 
